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Abstract 
Separate measurement of current density under the different regions of the flow field geometry, i.e. under the land 
and under the channel, in DMFCs is significant. Such measurements may reveal the mechanisms and effects of the 
various coupled parameters that influence the cell performance. Moreover, it can provide guidance for flow field 
design optimizations and could eventually lead to practical solutions to mitigate methanol crossover and/or its effects. 
A novel technique is used to directly measure the current density under the land and under the channel separately. In 
this method, the anode side of the cell is partially catalyzed depending on the area of interest (land, channel or full), 
whereas the cathode side is always fully catalyzed. The experimental results show that the current density under the 
land is significantly higher than that under the channel. The drastic difference in performance is attributed to the 
much higher electrochemical active area (ECA) under the land as indicated by CO stripping voltammetry 
measurements.   
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of ICAE 
Keywords: DMFC, ECA, Current distribution, Land, Channel 
1. Introduction 
Direct methanol fuel cells (DMFCs) are a promising option to power the next phase of portable 
devices. However, DMFCs exhibit low power densities due to methanol crossover from the anode to the 
cathode. Methanol crossover and/or its effects can be alleviated by (a) developing alternative membranes 
(e.g. [1]), (b) improving the electrokinetics in the gas diffusion electrodes as well as their structures (e.g. 
[2, 3]), and (c) optimizing the design of the flow field plates which could be achieved by studying the 
current density variations.   
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The study of current distribution in DMFC is significant as it helps to understand the effects of water 
management, CO poisoning, and species distribution [4]. Moreover, the interactions between different 
variables that affect the cell performance can be well understood [5]. A review of the literature reveals 
that all of the current variations studies in DMFC were dedicated on measuring the local current from 
sections that cover multiple lands and channels; none of these studies investigated the lateral distribution 
of current. The objective of this paper is to separately measure the current density under the land and 
under the channel to determine where the current density is higher. It is believed that such measurements 
can lead to practical solutions to mitigate methanol crossover and/or its effects. 
2. Experimental Methodology 
2.1. Membrane Electrode Assembly (MEA) and Fuel Cell Fixture 
The measurement of current density variations under the land and the channel was made possible by 
custom-made MEAs as shown Fig. 1. In this special design, the cathode side has a constant area of 50 
cm2, while the anode was partially catalyzed depending on the area of interest (full, channels, land). 
Teflon was used to electrically isolate the partially catalyzed areas from other areas. Each MEA was made 
of Nafion® 117 and a catalyst loading of 4 mg cm-2 PtRu in the anode and 2 mg cm-2 PtB in the cathode. 
Carbon cloth was used as the gas diffusion layer.  
The fuel cell fixture used in this study was designed in-house. The cathode was machined with 
multiple serpentine passes while the anode had a single pass serpentine. The cell was assembled in such a 
way that the flow of reactants in the plates is crossing each other. 
Fig. 1. Schematic of the anode active area; (a) Anode is fully catalyzed (b) Channel areas are catalyzed (c) Land area is catalyzed 
2.2. Electrochemical Measurements 
The performance curves of the land and channel were found by running air in the cathode and 
methanol in the anode. Each curve was obtained by scanning from 0V vs. OCV to 1mV vs. REF. at a scan 
rate of 10mV s-1.
CO stripping voltammetry was used to measure the electrochemical active area (ECA) of PtRu 
electrode of the land and channels. The voltammograms were acquired in-situ according to the method 
proposed by Dinh et al. [6].  
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3. Results and Discussions 
Several sets of experiments were conducted to directly compare the performances of the land and 
channel areas; one of these sets is shown in Fig. 2 for the case of 2M methanol concentration flowing at 1 
ml min-1 and cell temperature of 70oC. It is evident from the figure that the current density under the land 
is significantly higher than that under the channel for the entire polarization region. Moreover, the 
maximum power density is higher under the land. It is 104 mW cm-2 for the land and 42.6 mW cm-2 for 
the channel. 
Since concentration losses are negligible in the low and intermediate current density regions of the 
polarization curve, CO stripping voltammetry measurements were conducted to find the main causes for 
such a drastic difference in performance between the land and the channel. The voltammograms in Fig. 2. 
show that the land has a much higher peak compared to that of the channel; indicating that it has a larger 
ECA. In fact, the ECA under the land is approximately 48.5% higher than that under the channel. 
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Fig. 2. Comparison between land and channel performances for 2M methanol concentrations. Conditions: 70oC; air flow rate 2000 
sccm; methanol flow rate 1 ml min-1.
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Fig. 3. CO stripping voltammograms for land and channel areas.
4. Conclusion 
A novel MEA design was used to separately measure the current density under the land and channel. 
In this design, the cathode side always had a full size catalyst while the anode side was partially catalyzed 
depending on the area of interest (land, channel or full). From the experimental results, the performance 
of the land is significantly higher than that of the land due to the higher ECA under the land. 
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